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A procedure for the isolation and in vitro cultivation 
of endothelial cells from the microvessels of the newborn 
human foreskin dermis is described. The epidermis was 
removed from foreskin tissue using a Castroviejo kera-
totome (0.1 mm shim). Endothelial cells were released 
from the dermal vessels by trypsinization of 5 mm2 sec-
tions of dermis at 37°C for 40 min. Cells were expressed 
into Minimal Essential Medium (MEM) containing 10% 
pooled human serum, collected by centrifugation and 
plated onto either a plain plastic or a fibronectin treated 
culture surface. 
In primary culture the rate of endothelial cell prolif-
eration was dependent upon serum type and concentra-
tion being optimal in 50% pooled human serum. High 
serum concentration in combination with pretreatment 
of the culture surface with fibronectin was required for 
maximal proliferation rate, for the cells to achieve con-
fluence and for subcultivation. 
Primary and subcultured cells were characterized as 
endothelial by light microscopic, immunofluorescent 
(Factor VID associated protein) and ultrastructural 
(Weibel-Palade body) criteria. 
The active involvement of the microvascular endothelium in 
the physiology and pathology of the skin is becoming increas-
ingly apparent. Following skin injury endothelial cell budding 
from the venular segment of the dermal capillaries [1] is an 
early event in the process of revascularization. Clotting and 
fibrinolysis are in part regulated by secretion of an activator of 
plasminogen by the endothelium [2] and the vascular leakage 
seen in inflammation results from changes in the properties of 
the endothelial cell monolayer [3,4]. To date, studies on the 
regulation of the dermal microvasculature have been limited to 
in vivo models. 
The in vitro culture of endothelial cells from large vessels 
(aorta and umbilical vein) and the microvessels (brain and fat 
pad) of many species has been reported [5,9]. Such cultures 
have provided useful models with which to study various pa-
rameters of endothelial cell metabolism, particularly those re-
lated to the development of atherosclerosis, such as sulphated 
mucopolysaccharide synthesis [10], cholesterol metabolism [ll] 
and lipid accumulation [12,13]. However, the validity of using 
endothelial cells isolated from the macrovasculature to study 
microvascular metabolism and function remains to be deter-
mined. To develop more representative in vitro models of the 
skin microvasculature we initially studied endothelial cells iso-
lated from the marginal vessels of the rabbit ear in cell culture 
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[14-17], and have applied this information to endothelial cells 
isolated from the capillary-rich region of the human newborn 
foreskin dermis [18,19]. Recently additional methods for the 
isolation of endothelial cells from human preputial skin have 
appeared [20,21]. 
In this study we describe the conditions required to isolate 
viable human foreskin dermal endothelial cells, their growth 
characteristics in primary and first-passage cultures and their 
identification as endothelial cells by light microscopic, ultra-
structural, and immunofluorescent criteria. 
MATERIALS AND METHODS 
R eagents and Media 
Reagents and media were obtained from the following sources: 
trypsin 1:250 (ICN Pharmaceutical Co.); EDTA (Schwartz Mann) ; 
Eagle's Minimal Essential Medium, Medium 199, Medium L-15, Me-
dium NCTC-135, Dulbecco's Modified Minimal Essential Medium and 
Medium RPMI-1460 (Gibco); Petri dishes (Lux); rabbit antiserum to 
human albumin, rabbit antiserum to human factor VIII associated 
protein and fluorescein conjugated goat antiserum to rabbit immuno-
globulin (Boehring Diagnostics); fetal calf, calf and horse serum (Irvine 
Scientific Co.); human serum (Gibco); fibronectin and Fibroblast 
Growth Factor (FGF) (Collaborative Research Inc.); FGF of bovine 
and pituitary origin (Dr. Dennis Gospodarowicz, Cancer Research 
Institute, University of California) . 
Endothelial Cell Isolation 
Newborn human foreskin tissue, obtained following routine circum-
cision was collected in 0.15 N NaCl containing 400 units/ml penicillin 
and 200 /lg/ml streptomycin and stored at 4°C for up to 24 hr before 
use. The highly vascular area of the foreskin was separated from the 
less vascular region on a dissecting board after the underlying fascia 
had been trimmed to allow the tissue to be flattened. The epidermis 
was removed from the vascular rich region with a Castroviejo kerato-
tome set to cut at 0.1 mm as described previously [22]. The epidermis 
was discarded and the dermis cut into 5 mm square sections which were 
incubated for 40 min at 37°C in 0.3% trypsin solution containing 1% 
EDTA at pH 7.3 in an isotonic salt solution (GKN) (per litre: 1g 
glucose, 8g NaCl and 0.4g KCl) . The sections were washed 3 times in 
0.15 N NaCl. Any small areas of epidermis which may have remained 
on the dermis float off at this point and were discarded. The endothelial 
cells were expressed from the foreskin vessels into Eagle's Minimal 
Essential Medium (MEM) containing 10% pooled human serum using 
a number 10 scapel blade. Pressure was initially applied to the center 
of each tissue section and the released cells pushed outward, toward 
the periphery of the piece of tissue and into the medium. The cells 
obtained from several foreskins were pooled, collected by centrifugation 
(800 Xg for 1 min) and resuspended in MEM with 10% pooled human 
serum (see below) containing antibiotics (penicillin, 200 units/ml, strep-
tomycin, 100 /lg/ml and gentamycin 50 /lg/ml). The cells were plated 
on to Petri dishes and maintained at -37°C in a humidified atmosphere 
of 6% COz and 94%. air. 
Subcultivation 
Confluent cultures were subcultivated by trypsinization at 37°C for 
4 min with a 0.1% trypsin solution in phosphate buffered saline (PBS) , 
pH 7.45 (per litre 8 g NaCl, 2 g KCl, 1.5 g NaH2PO,, 0.2 g KHzP04) 
containing EDTA (0.33%). Cells were released from the culture surface 
by gentle agitation with a Pasteur pipette, collected by centrifugation 
(800 xg for 1 min) and resuspended in MEM with 50% pooled human 
serum. Cells were plated at cell densities from 1.0 to 2.5 X 104 cells/ 
cm2 • 
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FIG 1. In vitro growth pattern and morphology of microvascular endothelial cells from the newborn human foreskin dermis. (a) A small 
colony, 24 hr after plating. (b) Circular configuration is retained as colonies expand in size (day 4). (c) A large colony in a dish of cells approaching 
confluence. (d) Confluent cells (day 18) . 
FIG 2. Light micrographs of the in vitro morphology of various cell 
types isolated from the human foreskin, and one other type of endo-
thelium, from the umbilical vein. (a) Umbilical vein endothelial cells. 
(b) Fibroblasts. (c) Smooth muscle cells. (d) Epidermal keratinocytes. 
Identification of the E ndothelial Origin of Isolated Cells 
,Three criteria were used to establish the endothelial origin of cells 
isolated: the characteristic cellular morphology and growth pattern 
(light microscopic level); ultrastructural characteristics (the presence 
of Weibel-Palade bodies, determined by electron microscopy); and the 
presence of Factor VIII associated protein (indirect immunofluores-
cence). 
Other cell typ es: For morphologic and immunoflu orescent compari-
son studies, human umbilical vein endothelium was isolated and cul-
tured using a modificat ion of the method of Jaffe et al [7]. Human 
foreskin epidermal keratinocytes were isolated and grown in vitro as 
described by Lui and Karasek [22]. Human foreskin fibroblasts were 
isolated from organ outgrowth cultures [23]. Human smooth muscle 
cells were isolated and characterized ultrastructurally according to the 
criterion of Ross et al [24]. 
E lectron microscopy: (a) Cells. Cells were removed from the culture 
surface by trypsinization (0.1 % trypsin, 0.33% EDTA solution) , col-
lected by centrifugation and fixed by the addit ion of 3% phosphate 
buffered glutaraldehyde solution (pH 6.8 at 4 °C) [25,26]. The cell pellet 
was rinsed in phosphate buffer, post fixed with 1% osmium tetroxide 
and dehydrated and embedded in epoxy resin (Ma1·aglas) [27,28]. One 
micron thick sections were cut and stained with metachromatic dyes 
for examination by light microscopy [29]. Ultrathin sections were 
stained with uranyl and lead salts. The sections were examined in an 
Elmiskop 101 electron microscope [30] and representative ru·eas re-
corded at magnifications from 12,000 to 190,000X. 
(b) Tissues. Sections of foreskin dermis measuring 1-2 mm were 
immediately fixed in 2% phosphate buffered glu ta1·aldehyde solut ion 
(pH 6.8). These t issue pieces were post fixed in 1% osmium tetroxide 
and subsequently prepared for electron microscopic examination as 
described above for isolated cells. 
Immunofluorescence: Endothelial cells on 35-mm plastic Petri dishes 
were rinsed with PBS and fixed in 100% ethanol at -20°C for 10 min. 
Following rinsing with PBS, the cells were overlayered with rabbi t 
antibody globulin to human factor VIII (AHF) associated protein 
dilu ted 1 to 5 with PBS and incubated at room temperature for 30 min. 
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The cells were rinsed extensively with PBS for 45 min, the PBS being 
changed every 10 min. The dishes were drained and sufficient fluores-
cein conjugated goat antiserum to rabbit immunoglobulin (diluted 1 to 
5) added to cover the surface of the dish. After 30 min of incubation at 
room temperature, excess fluorscein conjugated antibody was removed 
by repeated washing with PBS. The dishes were coated with 10% 
glycerol in PBS and cells were observed with a Leitz microscope fitted 
with fluorescent optics. In replicate dishes, rabbit antiserum to human 
albumin was substituted for Factor VIII antibody as a control. To 
establish the endothelial specificity of this reaction, dishes of foreskin 
fibroblasts, epidermal keratinocytes, smooth muscle cells and human 
umbilical vein endothelial cells were stained as described for dermal 
endothelial cells. · 
Growth Requirements 
Growth requirements of dermal microvascular endothelial cells in 
primary culture were determined as follows: 
Media: Eagle's Minimal Essential Medium (MEM), Dulbecco's 
Modified Eagle's Essential Medium (DMEM), Medium 199, Medium 
L-15, Medium NCTC-135, Medium RPMI-1460 and types and concen-
Comparison of endothelial cell characteristics with those of other 
cell types isolated from the newborn human foreshin dermis 
Weibel-Pa- Factor Cell Type Cell morphology Growth pattern lade Bod- VIII ies 
Dermal micro- Polygonal Cobblestone + + 
vessel patterned 
Endothelium Monolayer 
Umbilical vein Polygonal Cobblestone +++ + 
Endothelium patterned 
Monolayers 
(granular) 
Epidermal Flattened Multilayered 
Keratinocytes Polygonal keratinized 
Flattened cells 
Dermal fibro- Spindle-shaped Multilayered 
blasts whorled 
Parallel array 
Smooth mus- Spindle-shaped Multilayered 
cle Parallel arrays 
In crests and 
ridges 
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trations of sera (fetal calf, calf, horse, rabbit and human) were tested to 
determine optimal conditions required for maintenance of dermal vessel 
endothelium in vitro. 
Serum: All sera tested were heat inactivated at 56°C for 30 min. 
Pooled human serum was prepared from whole blood, drawn from 
healthy donors, which was allowed to clot overnight in glass tubes at 
4 °C. The serum was collected, pooled and ftltered through 0.2 p. milli-
pore ftlters prior to heat inactivation. Aliquots of serum were frozen 
and kept at -20°C until needed. Rabbit serum was prepared from 
whole blood collected from the marginal artery as described for human 
serum. 
Culture surface: In some experiments the plastic culture surface was 
coated with fibronectin. Sufficient fibronectin solution to completely 
cover the culture surface (approximately 0.5 rnl) (final concentration 
50 p.g/ml in 0.9% NaCI) was added to each dish and allowed to remain 
in contact with the surface for 45 min at room temperature to permit 
binding. Excess solut ion was aspirated from the dish immediately prior 
to cell plating. 
Fibroblast growth factor (FGF): FGF was dissolved in MEM such 
that final concentrations of between 10 and 500 ng/ rnl of culture 
medium were obtained. Biological activity was confirmed using fibro-
blast and 3T3 cell growth as an assay. 
Determination of cell number: Cultured endothelial cells were har-
vested using 0.1% trypsin solution in PBS containing 0.33% EDTA (1.0 
ml per dish at 37°C for 5 min). The cell number was determined by 
counting aliquots of the dispersed cell suspension in triplicate in a 
hemocytometer. 
RESULTS 
Identification of Cells 
Phase microscopy: Single endothelial cells were expressed 
from the foreskin dermis together with many clumps and sheets 
of rounded cells that attached to the plastic culture surface and 
began to spread out within 3 hr of plating. These cell sheets 
formed circular colonies of polygonal closely apposed cells with 
well defined, centrally located nuclei and indistinct cell borders 
(Fig la) . This unique growth pattern was maintained through-
out the culture and the colonies increased in size as the cells 
proliferated (Fig lb, lc). Adjacent colonies merged to form 
larger regions of confluent cells that exhibited a cobblestone 
morphology (ld) similar to that seen for cultured human um-
bilical vein endothelium (Fig 2a) and reported by others [7-9]. 
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FIG 3. Electron micrographs of the uniquely endothelial organelle, the Weibel-Palade body . (a) In cells lining the vessels of the newbom 
foreskin dermis. (b) In the umbilical vein. (a) The electro-opaque eliptical bodies are tangentially sectioned Weibel-Palade bodies. The mature 
bodies tend to align near the vascular lumen. (L = vascular lumen) (x66,000). (b) A section cut perfectly perpendicular to the long axis of 3 
Weibel-Palade bodies shows their substructure which includes parallel tubules in the electron opaque matrix of the body's core (Xl44,000). 
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This growth pattern and morphology was distinct from that 
seen for cultures of foreskin fibroblasts, smooth muscle cells or 
epidermal keratinocytes (Table) . Foreskin fibroblasts were 
spindle-shaped and in confluent areas grew to form whorls of 
closely packed cells (Fig 2b ). Smooth muscle cell morphology 
was very similar to that of fibroblasts (Fig 2c); however, the 
cells were less slender and grew in parallel arrays which over-
lapped to form multilayer crests and ridges. Epidermal keratin-
ocytes formed multilayered cultures of polygonal, flattened, 
granular cells that sloughed into the supernatant (Fig 2d ). 
Electron microscopy: (a) In situ. Endothelial cells lining the 
vessels of the foreskin dermis h ad the fine structural appearance 
of this cell type in other organs. They contained moderate 
numbers of characteristic Weibel-Palade bodies present in 
higher density in the juxtanuclear cytoplasm (Fig 3a). Pinocytic 
activity was very prominent and microfllaments were abundant, 
both apparently randomly oriented and forming bundles of 
parallel filaments. Polysomes were ubiquitous. These ultra-
FIG 4. (a and b) E lectron micrographs of Weibel-Palade bodies 
present in ftrst passage subcultured endothelial cells (5 weeks in vitro). 
(a) A section cut perpendicular to the long axis of 2 bodies located 
a djacent to a mitochondrion shows their tubular substructUTe 
(X80,000). (b) A tangential section through a Weibel-Palade body. 
Note the parallel arrangement of the microfilaments surrounding this 
body (x80,000). 
FIG 5. Indirect immunofluorescent staining for Factor VIII associ-
ated protein. (a) Positive response seen for microvascular endothelial 
cells in culture. (b) Lack of staining of newborn human foreskin epi-
dermal keratinocytes in cultUTe. 
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FIG 6. Microvessel endothelial cell proliferation in a variety of 
growth media supplemented with 10% pooled human serum is com-
pared. Freshly isolated cells were plated out in the various media and 
maintained at 37°C in 94% air, 6% C02 for 10 days. At this time cell 
proliferation was determined by count ing the cell number. Results 
expressed represent the mean of 3 experiments. 
structural features corresponded closely to those seen in um-
bilical vein endothelium (Fig 3b ). 
(b) In cultured cells. Cells grown in vitro contained the 
Weibel-Palade bodies, the features and dimensions of which 
were identical to those observed in situ (Fig 4a, 4b). However, 
the Golgi complex in cultured cells was prominent with the 
Weibel-Palade bodies usually located in its vicinity. T he cyto-
plasm contained a larger amount of rough endoplasmic reticu-
lum than observed in vivo. Pinocytosis was less obvious, but 
the subplasmalemmal network of fine ftlaments was still exten-
sive. Lysosomes were moderate in number and other indicators 
of degeneration were not observed. 
Immunofluorescence: A brilliant fluorescence was observed 
following indirect immunofluorescent staining of both primary 
and subcultured human dermal vessel endothelium (Fig 5a) 
and human umbilical vein endothelium for Factor VIII associ-
ated protein. Similarly treated cultures of human dermal 
smooth muscle cells, fibroblasts or epidermal keratinocytes (Fig 
5b) did not stain (see Table). 
Growth Requirements 
Media: Figure 6 compares the growth achieved by human 
dermal microvessel endothelium dw·ing 10 days of in vitro · 
culture in a variety of media, each supplemented with 10% heat 
inactivated pooled human serum. MEM was the most effective 
of the growth media tested. 
Serum: Serum type and concentration were found to be 
critical for sustained growth. The cells failed to proliferate in 
horse or commercially available human serum and grew poorly 
in calf or rabbit serum (20%). Optimal growth was achieved 
using pooled human serum. Cell growth was dependent on 
serum concentration (Fig 7). Microvessel endothelial cells re-
mained viable in 10% human serum and a slight increase in cell 
number was noted during a 10-day period. At serum concentra-
tions below 10%, the cells failed to proliferate and eventually 
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FIG 7. Variations in the rate of dermal microvesseJ endothelial cell 
proliferation with serum concentration and culture surface. The growth 
of endothelial cells plated onto plain plastic Petri dishes and maintained 
in 10% (6 - 6), 20% (A-A) or 50% (0-0) pooled human serum is 
compared with that seen for cells plated onto ftbronectin treated dishes 
and maintained in 50% serum (e-e). Results expressed represent the 
mean of a minimum of 3 experiments. 
degenerated. Growth rate increased with increasing serum con-
centration to a maximum at 50%. Higher serum concentrations 
did not increase the proliferation rate. Even at the 50% serum 
level cell growth was comparatively slow (see Fig 7) and the 
cells failed to reach confluence and could not be serially culti-
vated. 
Culture surface: The effect of fibronectin on cell growth was 
variable when cells were maintained in 10% serum. While the 
growth of some cultures was stimulated, little change from 
control levels was noted for others. With 50% serum, however, 
very marked differences were noted (Fig 7). The rate of endo-
thelial cell proliferation increased and the cells achieved visual 
confluence (at 5.4 X 104 cells/cm2 ). At confluence, the cells 
were organized into a regular cobblestone patterned monolayer. 
Multiple cell layers were not seen. 
Subcultivation: Confluent primary cultures of human micro-
vascular endothelial cells could be passaged if they were plated 
onto fibronectin treated dishes at the appropriate cell density 
(1 to 2.5/cells/cm2 ) and maintained in 50% pooled human 
serum. These cells retained their endothelial morphology, ul-
trastructural characteristics (Fig 4a and 4b) and continued to 
synthesize Factor VIII associated protein (Fig 5a). Cells plated 
at lower cell densities did not proliferate and deteriorated 
within 5 to 7 days. Cells plated onto untreated plastic dishes 
attached but remained as single cells or as small groups of 
disorganized cells. Efforts to achieve more than one serial 
passage have not been successful. 
Fib1·oblast Growth Factor (FGF) : We were unable to dem-
onstrate an effect of FGF (5 to 500 ng/ml) on dermal vessel 
endothelial cell growth. The activity of FGF preparations used 
was confirmed using 3T3 cell cultures as controls in parallel 
experiments. 
DISCUSSION 
The findings presented in this report show that viable endo-
thelial cells can be isolated from the microvasculature of the 
newborn huma11 foreskin dermis and that under the appropriate 
culture conditions the cells will proliferate and can be serially 
cultivated. The cells were identified as endothelial in origin by 
light microscopic, ultrastructural and immunofluorescent cri-
teria. 
Dermal microvessel endothelial cells grew in colonies of 
polygonal cells with well-defined nuclei and indistinct cell bor-
ders. Cell monolayers had a regular cobblestone appearance, 
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very similar to that seen for umbilical vein endothelium. The 
nuclei of the latter cells were less distinct, however, and under 
phase microscopy their cytoplasm appeared more granular . 
This characteristically "endothelial" morphology [7- 9] differed 
markedly from that seen for other dermal cell types in vitro. 
Fibroblasts and smooth muscle cells grew as paralleled anays 
of long spindle-shaped cells. Epidermal keratinocytes formed 
multiple layers of more cuboidal, granular cells that become 
flattened as the cells "keratinized." 
Electron microscopy was used to monitor the composition 
and structural integrity of the cells isolated from the foreskin 
dermis and more importantly, their adaptation to growth in 
vitro. The uniquely vascular endothelial cytoplasmic marker 
organelle, the Weibel-Palade body [31], the function of which 
remains unknown, was present in dermal vessel endothelium in 
situ. The number of Weibel-Palade bodies in the cells lining 
the dermal microvessels was less than seen in umbilical vein 
endothelium. This decrease in number of bodies with de-
creasing vessel size has been reported by others [32] any may 
provide a clue to the possible function of this organelle. How-
ever, the shape, size and substructure of dermal vessel bodies, 
as shown by cross section, was similar to those from other types 
of vascular endothelium. Weibel-Palade bodies were retained 
by dermal microvessel cells throughout the period of in vitro 
cultivation. There was no evidence of degenerative changes in 
cultured cells. 
The ability of endothelial cells to synthesize Factor VID 
associated protein provided us with an additional method of 
identifying the endothelial origin of cells cultured in vitro. The 
synthesis of this protein by large vessel cells in culture is well 
documented [33- 35]. Human dermal microvessel endothelial 
cells were also found to stain positively for Factor VIII associ-
ated protein both in primary and frrst passage subculture. 
The growth of microvessel endothelial cells in high concen-
trations of serum was of interest. Unlike other reports in which 
10% human serum was utilized [20,21] in our hands human 
foreskin dermal microvascular endothelial cells required freshly 
isolated pooled human serum to proliferate; furthermore, their 
rate of growth was directly dependent on serum concentration 
and was optimal at 50%. Use of this high serum concentration 
in combination with pretreatment of the culture surface with 
the cell surface component fibronectin was an absolute require-
ment for microvessel endothelium to achieve confluence and 
for subcultivation. This finding may in part be explained by the 
higher attachment rate of freshly isolated endothelial cells onto 
flbronectin treated dishes (unpublished result) but an addi-
tional and synergistic contribution of serum in cell growth is 
demonstrated by the more rapid proliferation of cells in 50% 
serum on a fibronectin treated surface as compared to cells on 
a fibronectin surface at a lower (10%) serum level. The com-
position of the basement membrane is known to vary greatly 
even within the different areas of the microvascular network 
[36], and the interactions of the arterial, venous and capillary 
endothelium with their basement membranes may similarly be 
expected to differ. Indeed, such variations may in part account 
for particular properties of individual regions of the vasculatw·e. 
Hence, the effect of flbronectin on micro vessel endothelial cell/ 
surface interactions in vitro may reflect a specific aspect of 
microvessel endothelial cell physiology in vivo. 
The ability to culture the dermal microvessel endothelial 
cells from small punch biopsies of adult human skin is now an 
intriguing possibility. Preliminary results that we have obtained 
with adult skin biopsy samples suggest that viable endothelial 
cells can be isolated and will proliferate in vitro. Such tech-
niques should provide a new approach to studies of human skin 
disease where abnormal proliferation and metabolism of the 
microvasculature may be a contributing factor. 
The authors wish to thank M. Ellen Charlton and Irma Daehne for 
their technical assistance. 
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